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OBJECTIVES s The  objectives  of  this  project  may  be  stated  as  follows t 

1.  To  examine  the  effect  of  certain  structural  analogs  of 

arginine  upon  the  .mil  hi  plication  of  typical  animal  viruses, 
such  as  mumps,  Influsnsa,  an^  equine  encephalomyelitis,  in 
the  chick  embryo.  In  view  of  the  fact  that  arginine  is  an 
important  constituent  of  virus  proteins,  as  well  as  other 
proteins,  it  might-  influence  the  £prmation  of  virus  protein. 
Furthermore  it  has  been  reported  that  arginine,  ornithine 
and  lysine  all  inhibit  the  development  cf  mumps  and  influenza 
virus  in  tissue  culture  * 

Po  To  examine  such  arginine  analogs  as  are  already"  available 
as  outlined  in  paragraph  (1),  and  to  synthesize  new  com- 
pounds of  this  type  for  study,  within  the  limits  of  available 
personnel  and  time. 


3c  To  determine  the  effect  upon  virus  development  of  such  other 
compounds  which  are  analogs  of  known  metabolites  as  may 
become  available  to  us  and  which  appear  worthy  of  investi- 
gation. 
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PROGRESS: 


A.  Examination  of  Compounds  for  Influence  on  Virus  llultiplication: 


I. Materials  and  Kethods: 

The  methods  employed  daring  the  period  of  this  report 
have  been  essentially  the  same  as  those  described  in 
previous  reports. 

Zo  Results: 


Evaluation  of  Compounds  for  Influence  on  the  Development 
of  Lee  Influenza  Virus  in  the  Chick  Embryo. 

(l.)Recults  cf  preliminary  tests  of  compounds  for 
inhibitory  activity 0 


In  the  previous  report  covering  the  period  July  1 to 
December  31*  1952,  most  of  the  work  described  the  inhibitory 
effect  of  canavanine  on  the  growth  of  the  Lee  influenza 
virus  in  the  chick  embryo  and  experiments  designed  to  inves- 
tigate the  nature  of  this  inhibition.  One  of  the  primary 
problems  involved  in  this  3tudy  was  the  source  of  supply 
of  canavanine  it3elf  as  this  amino  acid  most  be  extracted 
from  Jack  bean  meal  by  & ’’aborious  process.  In  view  of  the 
fact  that  the  rate  of  progress  of  this  work  was  limited  ty 
the  supply  it  was 'decided  to  de— >te  this  period  to  a study 
of  other  compounds  of  potential  interest  while  a stock 
pile  of  car-aw  nine  was  being  built  up. 


Ar.  interesting  group  of  compounds  bearing  a structural 
relationship  to  arginine  became  available  to  us  during  this 
period.  Camples  were  originally  obtained  through  the 
kindness  of  Dr.  I.  F.  Halverstadt  of  the  Chemical  Research 
Department  cf  Cutter  Laboratories.  These  compounds  included 
gue.nylursa  derivaties  . and  biguanides.  They  were  synthesised 
originally  by  the  Product  Development  Department  of  Uerk  and 
Company,  and  further  quantities  have  been  obtained  from 
the  latter  group.  Additional  compounds  were  also  obtained 
through  bhe  courtesy  of  Dr.  B.  E.  Christensen,  Professor  of 
Organic  Chemistry,  .-eg on  State  College. 


The  results  of  the  preliminary  teats  on  the  compounds 
s: gained  during  this  period  are  presented  in  Table  A. 

Tnoso  testa  were  c ily  intended  to  indicate  whether  a compound 
■d.ght  have  an  influence  on  the  development,  of  the  virus 
and  whether  it  was  worthy  of  further  investigation.  It 
will  bo  noted  that  two  of  the  ocraoounds  in  this  table  appear 
to  have  had  a rather  striking  inhibitory  effect  on  the 


vr.'-iat-h  of  the 
of  the  peeled 
"rOcO  -a  ;lco 
^ttaoyiiTrea.  .. 
very  omoll  no 


virus  as  judged  by  the  hemagglutinin  titer 
allantoic  fluids  from  the  treated  eggs. 

•ropyl  biguanide  hydrochloride  end  berzoyl 
a judged  by  the  results  of  this  test  with  a 
soar  of  eggs,  both  cf  these  compounds  prevented 


tho  development  of  sufficient  virus  to  be  detectable 
in  ;■  lie  pooled  fluids-  These  compounds  obviously  were 
worth/  of  further  investigation. 

The  structure  of  these  two  compounds  .rtay  be  indicated 

as  follows : ,ni  ~ 

ph  jitt  lot  W.  Q 

gjj3>  CH.NK.tf.IJH.C.MHg.HCl  <Z> 


isop ropy;,  biguanide 
hydrochloride 


benzoyl  guanylurea 


although  they  differ  somewhat,  it  is  obvious  that  they 
have  in  com  con  the  guanidino  grouping  which  is  of  course 
found  in  arginine. 

It  will  be  noted  also  that  three  other  compounds, 
i.e.  cyclchexyl  guanylurea,  guanylurea  phosphate  and 
disodium,  vers ene  also  reduced  the  virus  titers  of  the 
pooled  allantoic  fluids  below  the  level  of  the  controls. 
Statistically,  significance  cannot  be  attached  to  any  of 
these  differences,  but  the  data  suggest  some  slight  activity 
by  these  compounds.  The  only  other  compound  which 
produced  a result  r/hich  might  be  considered  different  from 
tho  control  is  nap'nthoxyacetic  acid.  The  hemagglutinin  level 
here  was  three  ti  :.es  that  of  the  control  eggs,  suggesting 
stimulation  of  virus  development.  However,  we  have  attempted 
to  confirm  this  result  and  have  been  unsuccessful. 

Apparently  seme  conditions  prevailed  in  this  particular 
test  which  we  have  not  been  able  to  duplicate. 

From  the  foregoing  results  it  was  concluded  that  an 
investigation  of  the  effects  of  isopropyl  biguanide 
hydrochloride  and  benzoyl  guanylurea  on  development  of  the 
virus  was  justified. 

(2;  Further  investigation  of  trie  inhibition  of  the 
Lee  influenza  virus  by  isopropyl  biguanide*  and  fcenscyi 
guanylurea. 

The  nature  of  the  inhibition  of  the  Lee  virus  by  the 
above  two  compounds  has  been  investigated  fairly  extensively. 

Test  of  the  work  hoc  ever  has  beer,  carried  out  with  isopropyl 
biguanide  because  of  the  rather  limited  supply  of  benzoyl 
guonylursa,  could  net  be  obtained  in  additional 

quantity. 

To  begin  with,  the  meager  data  from  the  preliminary 
test  supplemented  by  further  studies  in  which  the 
fruiis  i v.  individual  eggs  wurv  titrated  for  virus  hemagglutinin. 
Tie  r its  ot  a typical  cxoGri.aent  employing  isopropyl 
H./ie/T  ■£  err  presented  in  -able  1-  In  this  experiment  as 
i.  all  ot.vvrs  in  this  report  unless  indicated  otherwise, 
injections  cf  both  virus  and  compound  were  made  into  the 


tr.r.i  isopropyl  b-g'iM 
■'•■jf  that'  the  COi; -.CO'. 


jl  i3 

■ *i  ~ 


in 


u.  if.  o 

n.  of 


iHiurfMamii  'iniiiimfuiii— > i mm— i « m r 


allantoic  sac.  It  is  evident  from  these  results  that  the 
influenza  virus  is  markedly  inhibited  by  10.0  mg.  of 
isopropyl  biguanide  in  the  chick  embryo  for  at  le^st  JjU  hours 
after  inoculation,  as  .judged  by  the  hemagglutinin  titers. 

The  results  of  a similar  experiment,  in  which  the  dose 
of  isopropyl  biguanide  was  irlecte^  in  the  yolk  sac  of  the 
chick  embryo  while  the  virus  was  injected  into  the  allantoic 
sac  arc  ,--,::.van  in  'fable  2„  From  these  data  it  seems 
apparent  that  it  is  not  necessary  to  have  direct  contact 
so  tween  the  compound  an  i the  virus  in  the  allantoic  sac  in 
order  to  demonstrate  inhibition  of  the  virus.  These 
results  suggest  that  the  compound  may  be  absorbed  into 
the  circulation  of  the  embryo  and  in  some  manner  interfer 
vith  the  growth  of  the  virus  in  infected  cells. 

The  results  of  mor^  detailed  observation  of  the  effect 
of  benzoyl  guanylurea  on  the  Lee  influenza  virus  are  shown 
in  Table  3.  From  inspection  of  this  table  it  also  seems 
quite  obvious  that  this  compound  too  has  a very  marked 
inhibitory  effect  upon  the  development  of  the  virus  as 
Judged  by  the  hemagglutinin  titer.  In  comparing  results 
obtained  with  the  two  compounds  it  should  be  noted  that  a 
dose  ox’  10,0  mg.  of  isopropyl  biguanide  disolved  in  a 
vciuae  of  0.2  ml.  of  distilled  water  was  regularly  employed. 

This  had  been  found  to  be  about  the  maximum  tolerated 
dose.  However,  benzoyl  guanylurea  has  a much  lower  solubility 
and  in  the  case  cf  this  compound  it  was  necessary  to  employ 
a suspension  made  up  to  a concentration  of  50  mg.  per  ml. 
in  a suspending  medium  of  one  percent  low  viscosity  carbcxy« 
methyl  cellulose.  The  maximum  tolerated  dose  of  the 
compound  had  been  found  to  be  about  23^0  mg.  Thus  it  is 
hard  to  compare  the  activity  of  the  two  compounds  weight 
for  weight  because  of  the  large  difference  in  solubility. 

Experiments  were  next  carried  out  to  determine  the 
minimum  effective  dose  of  isopropyl  biguanide  which  could 
Ce.uxe  inhibition  of  the  virus.  Results  of  these  experiments 
appear  in  Table  h.  It  will  be  noted  that  the  inhibitory 
effect  drops  off  rather  rapidly  with  decreasing  dosage. 

10. C rag.  per  egg  inhibited  hemagglutinin  development  completely. 
The  inhibition  produced  by  a dose  of  5.0  mg.  per  egg  was 
still  marked  and  in  the  case  of  2.5  mg.  per  e ;g  was  still 
significant.  A slight  effect  nay  have  resulted  from  the 
use  of  1.0  mg.  per  egg,  but.  the  difference  between  the 
result  obtained  at  this  cose  level  and  the  control  group  is 
not  significant. 

biudiar  experiments  were  carried  out  with  benzoyl 
guanylurea  and  these  are  given  in  Table  .5.  The  effect  of  the 
ocreased  dosage  is  even  more  apparent  in  the  case  of  this 
co  pound.  25.0  mg.  per  egg  caused  almost  complete  suppression 
of  hemagglutinin  whereas  12.5  mg.  per  egg  did  not  cause  any 
. leant  reduction  in  the  hemagglutinin  -titer* 

next  rr:dc  to  determine  ever  how  long  a 


TA3LL  2 

.•.xropyl  lV uvnir'n  Injected  in  the  Yolk  Sac  on  Lee  Influenza 
.e  Sue  :?f  Chick  f-isbryos. 


Yit-srs  of  fluids  fro-n  T-g^s  i.'ernip  plutini n Titers  of 
w of  ■ > a .•*  only  in  Fluids  fro.n  Sops  rteceiving 

; • :.c  * ' 10  up  „ Isopropyl  Biuuaniee 

in  the  Yolk  Sac  an  Hour 
* u--.  n v ^ ^0  x.p,  Cx  \ xrus 
' in  ;--lXentoi  c'Jkac . 


•«  feoiorecals  of  hiatus L fluid  dilutions  riving  ccnplete  heica^t'lwtinations 
ifuri  dilutions  teicu  1:20  v.'erc  net  teste- 3,  and  fluids  giving  a 
rojntiva  mention  ac  t-nio  dilution  «.re  arbitrarily  assigned  a value 

Oi  tv  • 

tunc  'feoe  }■■■>■:  x'm  u-t  pb’°C  a ;>.pro:ciuatsiy  h'i  hears  before  virus 

t.'»  ‘u  vyj.' / - tv>  liwI’C  _ ' if")  : 
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•*  LiVsct  of  krnsoyl  Gxtrij lure;*  or.  Lee  Influenza  Virus  in  the  Chick 
as  measured  by  the  He:«at ,gl\.  lunation  Reaction 
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hemagglutinin  liters  of  '.lui.Cs  from 
Ljaf  receiving  $0  ID,-~  oi  Virus  Onlj 
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iieif.aggluti.nin  -iters  of  Fluids 
from  l.£igs  Receiving  25  mg. 
Benzoyl  Guanyiurea  an  Hour 
before  50  ID^q  of  Virus. 

Uo* 

20 

c# 

0 

0 


0 

0 
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> ft3c:.prcc-a't«  of  : Lghe;  t fluid  dilutions  giving  complete  hemagglutination. 
;•/  Fluid  dilutions  below  1:20  -sera  not  tested,  and  fluids  giving  a 
negative  re-.rtion  at  tills  oiluti on  are  arbitrarily  assigned  a value 

-.r  a 

V c 

Lggrf  were  incureted  at  ">6°G  appraxi-aately  i*U  hours  before  virus 
titrations  were  made  . 


\J\ 


: of  .-.'.  jpro.r  1 vj  c->  lie  Inhibition  of  ice  i'nflutnaa  Virus 

L:.,br/o 

sjyi  frsutic.’i  of  Jiuga  Ihircior  of  Eggs  ~hctti«g  f.o:i.o.c^lutii  in  Titc 

Egg  fhovri.r.g  Virus  __  Titers  of cf  Pooled  Fluids 

i :3.i  A jglutinir:  ( 0 iu-d 0 (12 0-3 20 )(]■■. • 'o  & from  i)D.  Bjys  in 

above:  ^ Grove  >•■ 


is  13  received  53  I3>0  of  virus  approximately  an  hour  after  fie 

in.ic.cf:  on  o.t  -the  compound . they  v.-era  then  ineueafod  at  35°G 
upororrim?'::.';-  hc  u.:  before  v'  -cs  titretiens  rer*.  reace. 

r '•  Mr  f .. vT  • oslor  1:23  veer.  rr-t  toots-',  and  flu-ids  ^ivin£  a 
no y.:i-  rcae  -ic  i at  this  dilution  aw-  arbirirerily  use-i&cod  a value 
- 0, 


frjft , **3  ~ i-','-g*~-M-  fcirii  - *j8-<. 


bo  detected.  *11  of  the  previous  observations  had  been 
made  after  a period  of  approxi:..ntely  fortg-four  hours  of 
incubation  at  j5°Cu  Accordingly  observations  were  made  on 
botyii  treatad  and  control  eggs  on  both  the  third  ano  fourth 
day  of  incubation.  These  raaults  appear  in  Aable  60  It 
will  be  noted  that  after  sixty-eight  hours  of  incubation 
treated  eggs  still  showed  a level  of  virus  hemagglutiidn 
which,  was  only  about  twenty  oer  cent  of  that  found  in  the 
untreated  controls*  After  ninety-two  hours  of  incubation 
the  titer  of  the  pooled  fluids  from  the  treated  embryos 
was  about  half  as  great  as  the  comparable  control  group. 
Although  this  difference  has  not.  been  tested  for  statistical 
significance  it  seems  doubtful  that  with  the  relatively 
small  number  of  eggs  involved*  such  a difference  could 
be  demonstrated.  However,  it  is  quite  possible  that  further 
expansion  of  the  number  of  observations  would  reveal  such 
a difference.  In  ary  event  it  seems  apparent  that  the 
inhibitory  effect  of  a single  dose  of  10  ng.  of  isopropyl 
biguar.ide,  which  is  very,'  narked  after  forty-four  hours  of 
incubation,  is  still  marked  aftor  sixty-eight  hours  and  is 
at  best  vary  slight  after  ninety-two  nours  of  incubation. 
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. \ c.f  frrf,  rating  -effect  of  isopropyl  £»ig?:ani  do  on  Lee  Influenza  Virus  in 

t..  ‘ u.ubvyo 


ox  KiSiibar  of  i *;gs  Showing  Hs.nagglutinin  Titers 


-ii---'".'- ng  Virus  liters  of  of  Pooled  fluids  frosts 

Aersagfutinin  0 ( 20-$0) ( 120-320) (udO  & all  io,gs  in  Group  *• 

above ) 


mg  incuoated 

w - : typin' j ~ U 


j.0  ItV-i  oi  lee 

i, . 

■'irus 


I rf 


rggs  mavc-atao 
hours  at  3 3°G 
after  receiving 
10  at.  i5G+snd 
'IZ‘?p.  sf  Lea 

virus  an  hour  later  y/9 


0 8 


tggs  incubated 

CO  0 c'Or; 

after  racsivan-j 
10  ID  . of  Lae 
Virus?0 


10/10 


0 C 


✓ a hours  a u 35',G 
after  recci/ir- 


- - — ^ .. 
-Li X/  Uilli 


10  IDtV,  of  Lea 

Virus  an  nov.r*  iacer.  8/8 


0 1 


" 8-^c  ip- -ocais  of  -highest  fluid  dilutions  giving  complete  hemagglutination  * 
!.  fluid  dilutions  below  1 1 20  v.are  not  tasted,  and  fluids  giving  a 
negative  reaction  an  this  dilution  are  arbitrarily  assigned  a value 
cf  0.. 

+ 1BG  **  isopropyl  oiguanide 


— wmmam 


The  influence  of  the  dorr  of  virus  upon  the  inhibitory 
effect  of  isopropyl  bljrvunide  has  been  investigate-1,  to  some 
extent,  although  additional  work  is  required,  Results 
obtained  thus  far  are  shown  in  Tabic  7.-  It  vdll  be  noted 
in  this  table  that  the  dosr  of  virus  ins  a definite  influence 
upon  the  final  result.  When  the  vims  inoculum  is  smll, 
ccupl-te  suppression  of  the  viru3  hem?  glutinin  may  be 
observed,  '.hen  the  dose  of  virus  is  increased  the  inhibitory 
effect  becomes  less  marked.  However,  with  a cose  of  ten 
thousand  I-Vq!  which  is  the  highest  virus  level  so  far 
tested,  a slight  inhibitory  effect  may  still  be  noted. 

Further  data  bearing  on  the  point  will  bo  obtained.  However, 
tiie  results  obtained  are  in  agreement  with  expectation,  from 
v.hat  is  knewr.  of  the  behavior  of  various  infectious  agents 
and  inhibitory  compounds. 


A study  has  also  been  .made  of  the  influence  of  the  time 
interval  between  injection  of  the  virus  and  injections  of 
isopropyl  biguanide  on  the  inhibition  of  the  virus  in  the 
chick  embryo.  The  data  bearing  on  this  point,  are  presented 
in  Table  6.  It  will  be  noted  that  there  was  nc  apparent 
difference  in  the  sni  result  if  the  compound  was  injected 
an  hour  before  the  virus  or  two  hours  after  the  virus. 

In  both  cases  the  development  of  virus  hemagglutinin  was 
almost  completely  suppressed,  then  the  compound  was 
administered  twenty-four ~aHer  the  virus,  the  inhibitory 
effect  was  still  marked  and  the  virus  hemagglutinin  in 
treated  eggs  was  only  about  ten  per  cent  of  that  found  in 
controls,  '.’men  the  injection  of  the  compound  was  delayed 
until  thirty  six  hours  after  infection  with  the  virus  a 
slight  inhibitory  effect  was  still  found.  When  this  tine 
interval,  however,  was  increased  tc  forty-four  hours  no 
significant  effect  was  demonstrable  . It  is  interesting 
to  note  that  the  inhibition  is  still  so  striking,  wen 
■when  injection  of  the  compound  is  delayed  for  twenty-four 
hours  after  infection.  'This  observation  suggests  that  the 
mechanism  of  inhibition  is  not  concerned  primarily  with 
interference  with  adsorption  of  the  virus  to  the  susceptible 
cells,  but  is  mors  likely  related  to  some  step  in  the 
formation  of  the  virus  itself  or  of  its  release  from  the 
cells. 
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TABIi'  0 


on 


r-.-i  !,<•;  c7  lime  Ir-tc 

r;v:.l  Between  Infection  and 

[ Injection  of  Iso. 

propyl  Biguanide 

t;  inhi’  l-.-icn  of  I 

....  = Influenza  in  .Ire 

Chick 

hmbryo . 

j-v..  mg.  ooropy.*. 

Fraction  of  Lggs 

dumber 

of  Lggs 

Showing 

Hemagglutinin 

ca.  gva>vi : - 1 n nc  t c i 

Shu-vinu  '-'irus 

•‘■iter 

’S  of 

Titers  of  Pooled 

Hemagglutinin  0 

TzoSo) (120-320) (U5o  & 

Fluids  from  all 

above ) 

Lggs  in  Group  * 

.*v  ’ .our  .d  1.  v i*  vi 

virus 

3/10  7, 

3 

0 

of 

0 

2 hours  after 

virus 

1/10  9 

1 

0 

0 

0 

2k  hours  after 

virus 

9/18  9 

*7 

i 

2 

0 

30-1*0* 

?.S  hours  after 

v?  run 

lh/16  2 

3 

9 

0 

120  ♦ 

R.  hours  after 

virus 

10/10  0 

2 

li 

li 

320 

Controls 

receiving  virus 

4 

only 

20/20  0 

1 

9 

10 

320-1*80 

All.. eggs  received  ?C  I Den  of  virus.  10 

mg.  Iso;. 

•ropyl  big' 

uanide  was 

administered 

at  the  indicated  times.  Eggs  were 

incubated 

at  33°C.  for 

aporosinatelj 

r h 8 hours  before  vi 

rus  titrations 

were  made 

o 

> Reciprocals  of  highest  fluid  dilutions  jiving  complete  hemagglutination.. 
fr  fluid  dilutions  • below  1.20  were  not  tested,  and  fluids  giving  a negative 
reaction  at  this  dilution  are  arbitrarily  assigned  a value  of  0. 

+ Damn  represents  combined  results  of  2 experiments. 
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TA3LU  9 


Irf ' ",  -nee  oi  Tine  Interval  n'etweep  Infection  and  Infection  of  Benzoyl  Guanylurea 
cn  the  Inhibition  of  Loe  Influenza  in  the  Chick  I-nbrvo. 


2$  mi.  Beni;  o’”1 


Fraction  of  hggs  dumber  of  Eggs  Showing  Hemagglutinin  Titers 


of  Pooled  Fluids 


buany lures  Injected  Shoring  Virus  Titers  of 

Hemagglutinin  0 (20-BQj(T20-320}(h80  & from  all  Eggs  in 

above ) Group  * 


1 hour  before 

V » v*  *•>  3 


c/10 


h 


0;. 


20 


2 hours  af  ter 
virus 

2li  hours  after 
virus 


Vfi 

8/d 


0 


120 


Controls 
receiving  virus 
only 


0 /'( o 
••  / *1V- 


2U0 


All  n.  y received  50  ID^q  of  virus c 25  mg,  of  benzoyl  guanylurea  was 
administered  at  the  indicated  times . This  was  suspended  in  a 1% 
aqueous  solution  of  carboccyssthylcollulose  to  give  a concentration 
of  25  rag.  par  mi = Control  eggs  received  1 ml.  of  the  suspending  agent 
culy  an  hour  before  the  virus,  Eggs  were  incubated  at  35°C,  for 
approximately  U3  hours  before  virus  titrations  were  made. 

* Reciprocals  of  highest  fluid  dilations  giving  complete  hemagglutination. 
f?  Fluid  dilutions  below  1:20  ware  not  tested,  and  fluids  giving  a 
negative  reaction  at  this  dilution  are  arbitrarily  assigned  g value 
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It  is  of  course  of  interest  to  know  whether  these  compounds 
hove  any  direct  inactivating  effect  on  the  Lee  influenza 
virus  in  vitro.  Experiment;  r.^;  on  this  ooint  are 

recorded  in  ?;Kd  10.  Isopropyl  biguanide  has  been  the 
only  compound  investigated  and  a concentration  of  2 rag.  per 
ail.  has  been  employed,  as  this  i r.  estimated  to  be  the  maximum 
concentration  produced  in  the  allantoic  fluid  cf  the  chick 
embryo  when  a dose  of  10  rr.;>  is  administered.  Periods  of 
contact  between  the  virus  . nc  the  compound  of  two  hours 
and  twenty  hours  have  been  tested  at  temperatures  of  10°C 
and  35f'C.  It  will  on  noted  from  the  table  that  in  no 
case  was  their  any  effect  upon  the  hemagglutinin  titer  of 
the  varus.  In  the  case  of  the  virus  inf activity,  however, 
it  as  sjparsnt  that  in  the  presence  of  the  compound  after 
twenty  hours  at  33>°G  this  property  of  the  virus  deteriorated 
more  rapidly  than  in  a control  preparation  containing 
only  the  virus,  ins  pH  of  the  two  preparations  was 
approximately  the  same  so  that  the  difference  noted  could 
not  be  ascribed  to  a pH  effect,  f.t  10  C,  after  a twenty 
hour  period  of  exposure  a preparation  containing  isopropyl 
biguanide  was  slightly  less  active  than  the  control  but 
the  difference  can  probably  not  he  considered  significant. 

Si  .ilarly  after-  a period  of  two  hours  at  35>  C t:;9 
preparation  containing  isopropyl  biguanide  showed  a 
slightly  lower  infectivity  than  the  control  preparation. 

Further  experiments  are  planned  to  verify  and  extend  these 
results.  At  present,  however,  it  appears  that  isopropyl 
biguanide  at  2 rag.  per  ml.  may  cause  a reduction  in  infectivity 
cf  the  virus  over  a twenty  hour  period  of  contact  at  33°C. 

Since  this  effect  is  at  be3t  very  slight  within  a two  hour’ 
period  at  3S>°f  or  within  a twenty  hour  period  at  10°C  and 
since  there  appears  to  b3  no  effect  at  all  upon  the 
hemag glut ina ting  activity  of  the  virus,  it  seems  unlikely 
that  a direct  inactivating  effect  on  the  virus  can  account 
entirely  for  the  inhibitory  activity  of  the  compound. 

The  offset  of  isopropyl  biguanide  upon  the  development 
cf  the  Let-  infiuenua  virus  has  been  measured  by  means  of 
infectivity  titrations  as  well  as  by  hemagglutinin  titrations. 
This  method  has  not  been  used  routinely  because  it  is  less 
precise  and  wore  laborious,  but  the  inhibitory  effect  ean 
be  demonstrated  by  either  method.  Infectivity  titers  of 
virus  from  eggs  treated,  with  isopropyl  biguanide  have  usually 
been  at  least  one  log  unit  lower  than  the  tjters  found  in 
unt reeled  eg0 s . 

Experiments  have  been  carried  out  to  examine  the  possible 
effect  of  isopropyl  biguanide  on  the  adsorption  of  the  virus 
by  chorio-allantoic  membrane  tissue  in  vitro.  These 
experiments  so  far  have  failed  to  show  that  the  compound 
in  a concentration  of  2 mg.  per  ml.  interferes  to  any 
isasurable  extent  with  the  adsorption  of  the  virus  by  the 
membrane  tissue , 


TABL'i  10 


In  Vitro  offset  o.'  Isopropyl  Biguanide  on  Lee  Influenza  Virus 

.rixp.  Koj  Tii :ia  and  Temperature  Hemagglutinin*  No»  of  LID^ 

of  incut' tier.  Titer  of  Virus  per  ml0 


Virus  only- 
before  incubation 

160 

IO7'1* 

}; 

2 hours  at  10°  C4 

Virus  only 

160 

107.60 

! • 

2 hours  at  10° C. 

Virus  ♦ I3G''; 
2 ug.  per  mlc 

160 

io? .Uo 

f) 

2 hours  at  35“ 

Virus  only 

160 

107-7U 

iJ 

2 hours  at  3>°C. 

Virus  -i*  I3G: 

2 mg.  per  ml. 

160 

IO7*17 

n 

'.lone 

Virus  only  before 
incubation 

21*0 

106.61 

Ji 

20  hours  at  10°C. 

Virus  only 

21x0 

107“5° 

i; 

20  hours  at  I0°C. 

Virus  + IBG; 

2 :tg.  per  ral. 

2h0 

1q7°0G 

It 

20  hours  at  35°  C. 

Virus  only 

320 

103.6Ii 

— 

4i0  iiouro  <3.1/ 

Virus  + IRi; 

2 mg „ ml. 

320 

10?. CO 

* Reciprocals  of  hi 
tiraticn,. 

■i  IDG  isopropyl  t 
’•~%0  11  fluui:ljJ-'« 

<r.V*  «.  r-  r r> 

gnest  dilutlors  of  flu 
iguana be 

of  /irus  needed  to  inf 

id  giving 
set  50$  of 

comp,  ete  heraagglu- 
inoculated  chick 

B„  Preparation  of  Compounds  for  Antiviral  Testing 


The  work  on  an  improved  method  for  isolation  of  canavanin3 
has  been  continued.  Using  slight  refinements  in  the  procedure 
soao  3o  g.  have  been  prepared,  Several  more  small  scale 
attempts  to  isolate  canavanine  by  the  use  of  ion  exchange 
-esinc  have  buer.  .jade.  Paper  chromatography  indicates  that 
arginine  and  histidine  follow  c .navanine  through  the  columns. 
Colorimetric  analysis  indicates  that  eanavanino  is  present  in 
the  arid  oluato  but  atuempts  at  isolation  have  been  unsuccessful. 
It  is  thought  that  decomposition  may  occur  on  the  ion  exchange 
res:  as  has  .icon  reported  to  occur  on  an  adsorption  column 


. UOJ  • i Cl  C'  Uyii>  1 
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To  chirk  this  possibility  pure  canavanine  was  run  through 
tne  res: no.  According  to  the  colorimetric  method  the  IRC  - $0 
ri  sin  buffered  at  plilu?  retained  92$  of  the  canavanine;  when 
buffered  at  pH 7 - 0 it  retained  27$;  and  the  IRA-iiOO  resin 
retained  69$.  However,  the  flavianats  prepared  from  these  acid 
elutit.es  did  not  correspond  t.o  canavanine  flavianate;  this 
suay  be  dua  to  the  formation  of  a outectic  mixture  with  ammonium 
i'lavianate  or  to  flavianates  of  decomposition  products  of 
canavanine.  This  is  being  investigated  further. 


o^aiuinopyrimidinedione  - 2,U;  5-nitropyrimidinedione  - 2, hi 
^“^-^“dichloroacetamidopiyricL:  dinedione  - 2, hi  2-thio-U- 
oxypyriiridine,  2~me  thylmercapto-u-hydroxypyr Lnidina  , 
cyanuric  acid  and  biuret  have  been  prepared  by  procedures  described 
in  the  literature.  The  colorimetric  determination  for  canavanine 
(Archibald')  has  been  extended  to  alcoholic  solutions. 

Canaline  has  been  made  enzymatically  and  desaminocanavanine 
prepared  by  the  method  of  Kitogawa^. 


Plans  for  the  immediate  future  include  the  isolation  of 
more  canavanine  and  the  preparation  of  certain  of  its 
derivatives. 


1.  Of  a number  of  additional  compounds  examined  two  have  been 
found  to  have  a marked  inhibitory'  effect  on  the  development 
of  the  Lee  influenza  virus  in  tbs  chick  embryo.  These  are 
isopropyl  biguanide  hydrochloride  and  benzoyl  guanylurea. 

Jctn  of  those  comoounds  contain  the  guanidine  group  and  in  this 
respect  bear  :some  structural  relationship  to  arginine,, 

2<.  The  inhibitory  effect  3howa  by  isopropyl  biguanide  is 
equally  marked  when  the  compound  is  administered  in  the  yolk 
sac  or  the  allantoic  sac.  As  the  virus  is  injected  into  the 
allantoic  sac  in  both  cases  this  suggests  that  no  direct 
contact  between  the  virus  and  the  compound  in  the  allantoic 
sac  is  necessary  in  order  for  inhibition  to  be  demonstrated. 


lo  .Archibald,  j?. 
2.  Kitagawa,  K. j 


in.;  J.  Biol.  Chca*.  165,  169  (19u6)„ 

J.  ^icchem.  (Japan),  ?5,  23  (19nl). 


3°  In  th8  case  of  isopropyl  biguanide  10.0  mg.  per  egg,  which 
is  about  the  maximum  tolerated  dose,  produced  the  moat  marked 
inhibition  of  the  virus  0 However,  a significant  inhibition 
is  noted  with  a dose  as  lew  as  2.5  mg.  per  egg-  In  the  case 
of  benzoyl  guanylurea  25„0  mg.  per  egg  produced  the 
max.ir.roa  decree  of  inhibition,  whereas  12.5  mg.  per  egg  was 
ineffective.  This  compound  was  employed  in  the  form  of  a 
suspension  because  of  its  low  orator  solubility?  hence  it  is 
not  possible  to  make  direct  comparisons  between  the  two  com- 
pounds for  activity  on  a weight  basis. 

U.  In  the  case  of  isopropyl  biguanide  the  inhibitory 
effect  of  a single  rose  of  10  mg.  is  still  evident  after  the 
treated  eggs  have  been  incubated  for  three  days  at  35°Co 
i-ven  after  four  days  of  incubation  a slight  effect  is  still 
apparent. 

5.  The  inhibitory  effect  of  isopropyl  biguanide  is  definitely 

influenced  by  the  dose  of  virus  administered.  With  doses  of 

about  ten  to  one  hundred  I D^q  the  development  of  virus  hemagglutinin 

is  very  markedly  suppressed.  With  a do3e  of  ten  thousand 

ID...  slight  inhibition  is  noted, 

pu 

6o  Isopropyl  biguanide  may  be  administered  as  long  as  twenty 
four  hours  after  the  infecting  virus  an^  still  produce  a 
marked  suppression  of  virus  hemagglutinin.  Even  after 
thirty-six  hours  a noticeable  inhibition  is  found.  This 
observation  seems  to  indicate  that  the  inhibitory  effect  is 
net  due  to  interference  with  adsorption  of  the  virus  by  the 
cells 

7.  In  tat  case  of  benzoyl  guanyiurea  the  inhibition  of  the 
virus  is  equally  marked  if  tlie  compound  is  given  an  hour  before 
the  virus  cr  two  hours  after  the  virus.  If  injection  of  the 
compound  is  delayed  fer  twenty-four  hours,  however,  the  effect 
is  slight. 


8.  Isopropyl  biguanide  at  a concentration  of  2 mg.  per  ml. 
has  no  effect  upon  the  heraagglutinating  activity  of  the  Lee 
influenza  virus  after  exposures  as  long  as  twenty  hours  at 
35° d.  It  does,  however,  apparently  cause  a more  rapid  loss 
of  infeetivj.ty  tlian  is  noted  in  a control  preparation  containing 
only  the  virus.  This  effect  upon  inf activity  i3  at  best 
very  t light  in  twenty  hours  at  10°C  or  in  two  hours  at  35°C«, 

It  seems  unlikely  that  it  can  entirely  account  for  the 
inhibitor/  activity  of  the  compound  in  the  dsvelopment  of  th6 
virus . 


i 


9o  Isopropyl  biguanide  has  been  shown  to  inhibit  the 
of  Lae  influenza  virus  in  the  chick  embryo  using  infect! vity 
as  a measure  of  virus  concentration,  as  well  as  the  homage 


rfcinin  me.: 


... . ; *.>  c : » 


imant.  Lggs  treated  with  tho  compound  have 
Iter  at  -oust  one  log  unit  lower  than  untreated 


10.  Experiments  carried  out  in  vitro  have  failed  to  show 
that  isopropyl  biguanide  has  any  influence  upon  the  adsorption 
of  the  Lee  influenza  virus  by  the  chorio-allantoic  membrane 0 

11 A considerable  amount  cf  effort  has  been  devoted  to 
improving  the  extraction  and  purification  of  c&navanine  from 
.jack  bean  maal.  Ion  exchange  resins  have  been  tried  but  a 
successful  method  has  not  been  achieved.  Altogether  3ome 
35  grams  of  canavanine  have  been  prepared  by  the  original 
laborious  process . 

12 o Ac'diti  oral  compounds  which  have  been  prepared  by  synthesis 
or  isolation  include,  desaminocanavanine,  canaline,  cyanuric 
acid,  5-suainopyrimidinedione  - 2, hi  5-nitropyriaidinedion9  - 
2.1}  S-bhio-li-  oxypyrimidine ; -dichloroacetamidopyrini- 

dii.euior.o  - 2,4;  and  2^ethylmercapto-U-hydroxypyrioidine. 

Plans  for  further  work  and  publications. 

The  study  of  the  effect  of  isopropyl  biguanide  on  the 
development  of  the  influenza  virus  is  not  yet  complete0  Some 
of  the  phases  of  the  work  reported  above  require  additional 
data,  .tlso  attempts  are  planned  to  reverse  the  inhibition 
by  moans  of  various  possible  metabolites  which  might  be 
involved.  It  is  hoped  that  this  may  shed  some  light  on  the 
mechanism  of  the  inhibition.  This  study  is  to  be  carried  out 
in  tissue  culture  as  well  as  in  the  chick  embryo.  V/ork 
has  also  been  started  to  examine  »he  effect  of  this  compound 
upon  influenza  virus  infections  in  mice. 

The  compound  will  also  be  tested  for  possible  effects 
upon  influenza  A virus,  mumps  virus,  equine  encephalonyelitis 
virus  and  possibly  others. 

It  is  also  planned  to  complete  the  study  of  canavanine 
which  has  also  been  found  to  be  inhibitory  to  the  Lee  influenza 
virus  as  was  described  in  the  previous  report  covering  the 
period  fro;;:  July  1 to  December  13,  19^2. 

The  only  publication  of  this  work  submitted  30  far  has 
been  the  abstract  which  appeared  in  the  first  volume  of 
Progress  he port  Abstracts;  Microbiology  Branch;  Office  of 
Duval  ha  re  arc  h.-  It  is  plained,  however,  to  present  the  work 
described  in  this  report  at  the  national  S.A.B.  meetings 
in  dan  Francisco  in  August  1953,  and  to  submit  a written  report 
of  this  work  for  publication  soon  thereafter 


